Abstract-As part of the Jefferson Lab 12 GeV upgrade a new photon beam facility based on coherent bremsstrahlung will be built. The 12 GeV electron beam will pass through a 20 micron thick single crystal diamond generating photons via both incoherent and coherent bremsstrahlung. A 1.5 T 6.3 m long normal conducting dipole magnet will momentum analyze the electrons which emitted the photons. Two detector packages consisting of a scintillator PMT hodoscope and a scintillating fiber array with SiPM readout are used to detect these electrons. The photon beam generated in the crystal is a combination of photons generated by both the coherent and incoherent bremsstrahlung process, however the coherent bremsstrahlung photons have a different angular momentum relation than the incoherent bremsstrahlung photons. By collimating the photon beam after a 76 m drift distance the incoherent component can be suppressed relative to the coherent resulting in a high quality polarized beam.
I. INTRODUCTION
new polarized real photon beamline is now under construction at the Jefferson National Accelerator Facility (JLAB). This is part of the 12 GeV JLAB upgrade project and will expand the laboratory's physics program to include the search for mesons with gluonic excitations with the GlueX detector. The GlueX experimental program requires a real photon beam in the energy range of 8-9 GeV and linear polarization. A precision study of the meson spectrum will require a partial wave analysis based on a large data set. Monte Carlo simulations indicate that a partial wave analysis can be performed on particles with mass up to 2.5 GeV and with cross section down to 500 nb with a 5 year data set if the beam intensity is 10 7 photons/sec. This is taken as the requirement for the photon beam flux, but it is expected that a flux of 10 8 will be achievable after one year of running. The photon energy resolution must be measured to a precision of 0.5% or less.
The layout of this planned facility is shown in Fig.1 . The low emittance 12 GeV electron beam from the upgraded CEBAF accelerator enters the "tagger" building from the left in this figure. The photon beam is produced when the electron beam passes through a thin (≅20 μm thick) single crystal diamond wafer via both the incoherent bremsstrahlung and coherent bremsstrahlung interactions. Only about 0.01% of the electrons emit a photon when passing through the diamond. After the electron beam passes through the wafer, it is bent by a dipole magnet (the tagger magnet) into the beam dump. The photons originating via coherent bremsstrahlung have a strong correlation between the scattering angle and the photon energy. By exploiting this tight energy--angle correlation of the coherent photons (Shown in Fig.2) , collimation of the photon beam can be used to enhance the fraction of photons of the coherent radiation incident on the GlueX target which is located in the "Hall-D" experimental building.
The collimation also has the effect of increasing the degree of linear polarization and eliminating a large fraction of the lowenergy photons which otherwise would dominate the incoherent component of the spectrum. An instrumented collimator, with a 3.4 mm hole, will be placed about 22 m upstream of the GlueX detector and about 75 m downstream of the diamond crystal radiator. Sweeping magnets and secondary collimation ensure that particles produced in the primary collimator, which could have produced background in the GlueX detector, are eliminated. The bremsstrahlung angle is plotted verses the photon energy for photons produced in both incoherent (black) and coherent (red) bremsstrahlung. The plot was generated based on 12 GeV and a 20 μm thick diamond oriented for the generation of a 9 GeV photon beam.
II. BEAM AND RADIATOR REQUIREMENTS
Coherent bremsstrahlung, which is similar to the Mössbauer effect, is a scattering process whereby the momentum transfer is to the entire crystal and not a single atom in the crystal. As the recoil momentum q for the bremsstrahlung interaction is very small, it is possible to align the crystal so that the Laue condition g=q is satisfied. Here q is the crystal's recoil momentum in units of m e c and g is an inverse lattice vector. Under these conditions the scattering amplitudes of many periodically located atoms sum and the bremsstrahlung cross section is greatly enhanced. One requirement for a coherent bremsstrahlung source is the availability of high quality crystals with a suitable lattice structure. The best crystals presently available are synthetic diamond single crystals. One characteristic of the diamond crystal, which is very important for its performance as a coherent bremsstrahlung radiator, is the mosaic spread of the crystal. The mosaic spread of a crystal is the angular spread in the normal vector to the crystal planes. If a diamond has a lot of internal stresses or imperfections then there will be a lot of dislocation in the crystal structure which leads to a large mosaic spread. Selected synthetic diamonds can have mosaic spreads as small as 30 μm. This should be compared to the characteristic angular divergence of incoherent bremsstrahlung of m e /E = 43 μm. As the spread in angular orientations in the crystal is smaller than the characteristic angle for the incoherent bremsstrahlung interaction it is possible to collimate the photon beam after sufficient drift distance and enhance the fraction of the coherent bremsstrahlung photons relative to the incoherent photons. A second factor, which plays an equally important role in the production of coherent bremsstrahlung photons, is the quality of the electron beam. The emittance of the beam must be small enough so that the beam can be focused to a reasonable spot size on the crystal while still having an angular divergence small relative to the crystals mosaic spread. The CEBAF accelerator is a few pass machine which will be able to deliver an extremely low emittance DC beam. The requirements for the Hall-D beam are given in Table 1 . The angular divergence at the crystal for a spot size of 1.6 mm is 6 μrad well below the angular spread intrinsic to the diamond crystals. 
III. TAGGING SPECTROMETER
The electrons emitting 8.4 to 9.1 GeV bremsstrahlung photons will be momentum analyzed using a focal plane spectrometer leading to a photon energy resolution of about 2.5 MeV. A 3-D model of the tagger spectrometer is shown in Fig. 3 . The spectrometer magnet is a 1.5 T 6.3 m long dipole. The beam of photons, 12 GeV electrons and the electrons resulting from the bremsstrahlung interactions in the diamond enter the magnet on the left of the figure. A channel cut in the yoke of the magnet allow the photons to pass through unaffected. The 12 GeV electrons which did not interact in the 10 -4 X 0 thick diamond are bent by 13.4 degrees by the magnet and propagate to the electron dump. The electrons which did radiate a photon have reduced energy and are fanned out by the magnetic field. An 11m long vacuum chamber is needed to contain the electrons until they reach the focal plane. Two detector packages are placed on or just behind the focal plane to detect the electrons. A fixed array hodoscope is located in the spectrometer focal plane and detects electrons which radiated photons in the range 25% to 97% of the beam energy. This corresponds to electrons in the range 0.36 GeV to 9 GeV. The fixed array is primarily used to measure the photon energy spectrum over a wide range of energies which is needed to optimize the crystal orientation. The second detector system which is seen in the figure near the middle of the vacuum chamber exit window is the tagger microscope detector. This device is an array of 2×2 mm square scintillation fibers read out with silicon photomultiplier sensors. The fiber array is 5 fibers high and 100 fibers long and will normally be positioned so that it measure electrons in the momentum range of 2.9 to 3.7 GeV, this corresponds to photons between 8.3 and 9.1 GeV.
IV. COLLIMATION SYSTEM
Integrating the photon spectrum in Fig. 2 over the scattering angle yields the photon flux per GeV shown in Fig. 4 as the "no collimator" black curve. The flux is dominated by the 1/e spectrum of the incoherent bremsstrahlung photons though the peaked structure of the linearly polarized coherent photons is clearly seen. Placing a collimator in the beam far downstream of the radiator can enhance the coherent contribution. The effect of both a 5 mm and a 2 mm collimator placed 75 m downstream are also shown in Fig. 4 . Large diameter collimators reduce the incoherent contribution with little impact on the coherent contribution. However, if the aperture is reduced too much the coherent bremsstrahlung photon is also strongly attenuated. The optimum size collimator was found to be 3.4 mm if the collimator is placed 75 m downstream of the radiator. 75 m was the largest practical separation possible between the radiator and the collimator given the space available at Jefferson Lab. The distance between the diamond radiator and the collimator was sufficiently large to place the collimator and the GlueX detector in a separate building referred to as Hall-D. A buried evacuated beamline us used to connect the buildings (See Fig.1) .
The 3-D model of the collimation system is shown in Fig. 5 . The photon beam from the tagger hall enters as shown in the figure from the right. Immediately upon entering the collimator area of Hall-D the photon beam passes through a Kapton vacuum window and impinges on the primary collimator. The primary collimator has an aperture of 3.4 mm and is constructed of a tungsten core and a lead outer mantel. A secondary emission detector is placed in front of the collimator to monitor the photon beam steering. The collimator is mounted on an X-Y table for positioning.
After the collimator the photon beam re-enters vacuum in from of the first sweeping magnet. The photon beam remains in vacuum up to the GlueX liquid hydrogen target.
Particles originating from showers in the collimator or interactions in the air around the collimator could produce background in the GlueX detector. A combination of shielding, sweeping magnets, and secondary collimation are required to absorb these particles. Immediately after the collimator a 0.822 Tm permanent magnet dipole is positioned to sweep particles of up to 12 GeV out of the beam. This magnet was constructed at FNAL and obtained by JLAB after it was no longer in service. Concrete shielding near the front of the magnet and lead shielding after the magnet remove most of the background generated in the primary collimator. A secondary collimator placed after the lead shielding downstream of the permanent magnet. This collimator has a 10mm aperture and is designed to remove photons traveling close to the beam. A second smaller sweeping magnet and lead shielding wall reduce background generated from the second collimator. Finally a large concrete and lead wall fills corridor between the room where the collimators are position and the main experimental hall. Monte Carlo simulations show that this setup reduces the background produced by the collimation to a negligible level. The 3-D modeling of the collimation system is now complete and work will start of detailed drawings soon.
V. SUMMARY
The design of the polarized photon beam for Jefferson Lab's new Hall-D is well advanced. The machine group has determined a lattice which will proved a 12 GeV beam with excellent characteristics. A tagging spectrometer has been designed which will determine the energy of the photons which interact in the GlueX target to good precision. A collimation system has been designed which will enhance the fraction of photons in the beam from coherent bremsstrahlung thus providing a beam in the needed 8.4 to 9.1 GeV energy range. A sequence of sweeping magnets, secondary collimation, and shielding will insure the background in the GlueX detector will not be strongly effected by the beam production method. It is expected that the photon beam will ready for commissioning in 2014. 
